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Abstract
Transit agencies utilize the following complementary initiatives to encourage greater fixed-route transit usage by
people with disabilities: (1) implementing more rigorous paratransit eligibility determination practices, and (2)
addressing the factors that deter people with disabilities from using fixed-route transit. This research focuses on
the latter and uses previously conducted survey data to determine the most important factors individuals with
disabilities consider when deciding to use various transportation options, and how these factors vary by disability
and community type. Findings indicate that individuals with mobility impairments consistently rated the built
environment factors as more important to their transit mode decision-making than scheduling-related factors.
Findings also highlight the importance of addressing complex trips when assisting riders with intellectual and
cognitive disabilities. The current study also reveals that people with disabilities experience barriers differently
based on where they live, suggesting the need for context sensitive interventions to support fixed-route ridership.
Transit agencies should utilize this information to employ more targeted interventions to encourage greater fixedroute transit usage for individuals with disabilities.
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Introduction
Transportation access is critical for ensuring employment, citizenship, social role participation, and social
interaction for people with disabilities. People with disabilities travel less frequently and rely on public
transportation more frequently than the general population (Penfold et al. 2008). People with disabilities also
commonly rely on paratransit even if they are able to use fixed-route services (Thatcher et al. 2016; Ranahan,
Maisel, and Lenker 2018). To offset the high costs of paratransit, transit agencies encourage greater fixed-route
transit use for people with disabilities by addressing the factors that deter fixed-route transit use. This paper is a
secondary analysis of previously collected data and examines how sociodemographic characteristics, specifically
disability and community type, affect transit mode decision-making for people with disabilities. These findings
help identify more targeted interventions that transit agencies can use to support greater fixed-route transit
use by individuals with disabilities.

Public Transportation and People with Disabilities:
A Brief Literature Review
Millions of Americans experience transportation barriers (Rosso, Auchincloss, and Michael 2011; Syed, Gerber,
and Sharp 2013; NCD 2015). These barriers are exponentially worse for people with disabilities, who have more
frequent health care needs, require greater accessibility to transportation, and often have lower incomes than
the general population (Syed, Gerber, and Sharp 2013). Approximately 3.6 million people with disabilities cannot
leave their homes because of poor transportation access (BTS 2018). Individuals who are able to leave their
homes represent 40% of the 15 million people in the United States, in both urban and rural communities, who
have inadequate access to transportation (NOD 2013; NCD 2015). Many people with disabilities experience
barriers to social participation, especially employment, due to poor transportation access. For example, there
is an estimated employment gap of more than 41% between those with and without disabilities in the United
States (Kraus 2017).
People with disabilities cite insufficient level of service and inaccessible routes to stops and stations as two
of the primary public transportation barriers they experience (NCD 2015; Bezyak, Sabella, and Gattis 2017).
These barriers often contribute to dependence on ADA complementary paratransit service (Golden and
Weiner 2005), which provides a demand-responsive option for riders unable to use fixed-route transportation.
Paratransit trips are usually curb-to-curb and point-to-point. Title II of the Americans with Disabilities Act
(ADA) requires public transit authorities to maintain complementary ADA paratransit services to areas within
a three-quarter-mile distance from fixed-route bus lines and rail stations. Title II also requires that the fare
for the complementary ADA paratransit rides not exceed twice the amount charged to a passenger taking
a comparable trip on fixed-route service (Henning 2007; Gupta et al. 2010). However, paratransit is the most
expensive form of accessible transportation for transit agencies to provide (GAO 2012; Lesh 2013). The average
paratransit trip costs transit agencies 3.5 times more than a fixed-route trip. By 2030, required annual funding
for paratransit services is expected to grow by $3.3 billion for operating expenses and $598 million for capital
costs (Dickens and Neff 2010).
Transit agencies experience challenges balancing the physical and economic demands of providing ADA
complementary paratransit services and accessible fixed-route transit services, as well as increasing pressure to
contain costs while maintaining service quality (Gupta et al. 2010). There are incentives for riders and transit
agencies to shift some paratransit ridership to more effective transit services. For paratransit riders, the benefits
include improved response times, flexibility and spontaneity of service routes, and enhanced community
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mobility (NCD 2015; Bezyak, Sabella, and Gattis 2017). The benefits for transit agencies include improved service
and cost containment. Despite these benefits, limited formal research explores best practice strategies for
encouraging able paratransit riders to use fixed-route, and the factors influencing transit mode decision-making
for individuals with disabilities.
Transit agencies implement various strategies to encourage greater fixed-route use by people with disabilities.
Previous research emphasizes the importance of implementing paratransit eligibility determination practices
(see Weiner 1998; ESPA 2004; Rogers and Wiemiller 2006; Cross 2007; Koffman et al. 2007; Sapper, Goodwill, and
Carapella 2009; Golden and Weiner 2005). Eligibility criteria, defined by laws and regulations issued by the US
Department of Transportation, prevent complementary paratransit from becoming the primary transportation
service for people with disabilities. Several articles and case studies describe the implementation of paratransit
eligibility improvement strategies (Metro Magazine 2011a, 2011b; APTA 2011; MTM 2013; Dubost and Lee 2013).
Most recently, Thatcher et al. (2016) reported best practices in paratransit eligibility determination, including:
(1) using in-person interviews and functional assessments; (2) establishing and enforcing measurable and
specific eligibility conditions, such as actual weather conditions; (3) developing efforts to improve passenger
awareness about conditions of eligibility and other transportation options; (4) using detailed on-street
assessments to detect path-of-travel barriers; (5) offering travel training on fixed-route for conditionally eligible
passengers; and (6) adopting trip-by-trip eligibility and software to enforce it. However, the study did not
systematically document the adoption of these strategies, nor did it explore the factors that contributed to
implementation successes or challenges.
In response to these gaps, Ranahan, Maisel, and Lenker (2018) interviewed 16 transit agencies to examine the
implementation of these six paratransit eligibility best practices. Findings indicated that most transit agencies
in the sample incorporated multiple best practice eligibility strategies as part of department-wide changes in
paratransit operations. Results also suggested that transit agencies might be able to overcome implementation
challenges by recognizing departmental constraints and collaborating with other departments and outside
organizations.
Previous research also examined strategies transit agencies employ to encourage greater intentional use of
fixed-route service among riders. Studies about decision-making (Balog 1997; Meyers et al. 2002; Svensson
2003; Crabtree, Justiss, and Troyer 2008; Bradley and Koffman 2012) cite several factors that influence mode
choice, including: (a) path of travel to and from transit stops (e.g., accessibility of pedestrian environment,
distance to stops, weather); (b) fixed-route rider experiences (e.g., transit facility accessibility, concerns about
lifts and securement); and (c) system navigation (e.g., transfers, unexpected situations). Although these studies
documented diverse ridership characteristics, very few specifically assessed the factors that influence people
with disabilities to use public transit. Thatcher et al. (2016) did identify factors influencing fixed-route transit
decision-making by people with disabilities, but these findings did not explore differences by sociodemographic
factors.

Research Methods
This study used previously collected data from the Transit Cooperative Research Program (TCRP) Project B-40
National Survey of People with Disabilities (NSPD) (Thatcher et al. 2016) to examine the relationship between
two sociodemographic variables (disability and community type) and factors influencing fixed-route transit
decision-making by people with disabilities.
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Participants
Thatcher et al. (2016) disseminated the web-based survey in 2012 to participants throughout the US disability
community. Survey participants from that study were considered ineligible for this secondary analysis if they
lived in a community that did not provide fixed-route service or ADA paratransit service, or if they were
unaware these services existed in their community. Of the 1,889 people who completed the initial survey, 7
were from non-US participants and 69 were from individuals who did not have a disability. An additional 378
responses were excluded due to missing data (N = 378). Thus, the final sample for this study included responses
from 1,435 US-based individuals who lived in a community that had both a fixed-route transit service and ADA
complementary paratransit service.

Measures
Independent variables included disability type and community type. Disability type indicated individuals who
reported having a mobility impairment, blindness or a vision impairment, an intellectual/cognitive disability,
and/or a psychiatric disability. Respondents could select multiple disability categories. The survey also asked
participants to describe the type of community where they lived. The five original options were later reclassified
into four response groups: larger city, small city, suburban, and small town/rural communities.
The Thatcher et al. (2016) survey also assessed how people with disabilities rated the importance of 13 factors
influencing fixed-route transit decision-making, measured using a five-point Likert scale ranging from 1 (not
important) to 5 (very important). Respondents most frequently rated six factors as the most important in
influencing their fixed-route transit usage These dependent variables naturally fell into two distinct categories:
built environment (BE-1, BE-2, BE-3) and scheduling (S-1, S-2, S-3). In order of importance, these factors included:
1. BE-1: Barriers in the pedestrian environment getting to and from stops/stations
2. BE-2: Distances to or from stops/stations
3. S-1: Fixed-route service doesn't run often enough
4. S-2: Complex or multiple transfers on fixed-route service
5. S-3: Fixed-route service doesn't run at the hours I need to travel
6. BE-3: Lack of information about potential barriers I may encounter getting to/from fixed-route stops/
stations.

Data Analysis
Statistical analyses were completed using the R open source statistical software version 3.5.2 (R Core Team
2018). Descriptive statistics on sociodemographic variables and factors influencing fixed-route transit decisionmaking were computed. Nonparametric tests were adopted for different analyses because the distribution of
the six factors violated the normality assumption with large negative skewedness. Nonparametric repeated
measures analysis of variance (ANOVA) tests (Brunner, Domhof, and Langer 2002) were conducted to test
differences in factors influencing fixed-route transit decision-making by each disability type using the R software
package “nparLD” (Noguchi et al. 2012). In addition, Kruskal-Wallis rank sum tests were used to evaluate the
impact of community type on each important factor that influenced fixed-route transit decision-making across
disability type. This rank-based nonparametric test provided a powerful alternative to the one-way ANOVA
test. All significant effects (p < .05) were further investigated with a rank-based method utilizing Tukey’s
procedure for pairwise comparisons using the R package “nparcomp” (Konietschke et al. 2015).
4
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Results
Sample Demographics
Table 1 summarizes selected demographic characteristics of the 1,435-person sample. The greatest number of
survey respondents were from a large city (33.4%). Of the remaining two-thirds, approximately 29.5% reported
living in a small city, 23.9% in a suburb, and 13.2% in a small town/rural community. The most common disability
reported was a mobility disability (MD, 56.4%), followed by blindness or vision impairment (B/VI, 35.2%),
intellectual/cognitive disability (I/CD, 26.3%), and psychiatric disability (PD, 13.5%). About 30% of respondents
reported having multiple disabilities.
TABLE 1.
Demographic Characteristics of Secondary Analysis Sample
Number (%)
Total

1,435 (100.0)

Community Type
Large City

479 (33.4)

Small City

423 (29.5)

Suburb

343 (23.9)

Small Town/Rural

190 (13.2)

Mobility Disability
Yes

809 (56.4)

No

626 (43.6)

Blindness or Vision Impairment
Yes

505 (35.2)

No

930 (64.8)

Intellectual/Cognitive Disability
Yes

377 (26.3)

No

1,058 (73.7)

Psychiatric Disability
Yes

194 (13.5)

No

1,241 (86.5)

Other Disability
Yes

190 (13.2)

No

1,245 (86.8)

Factors Impacting Fixed-Route Transit Decision-Making by Disability Type
Figure 1 illustrates the ratings of the six important factors influencing fixed-route transit decision-making
compared across disability groups. Findings show statistically significant differences across the ratings of these
factors within each disability type (Table 2). For example, individuals with a mobility disability rated two built
environment–related factors, barriers in the pedestrian environment and distances to or from stops/stations,
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as very important (median = 5), and they rated these variables as significantly more important than some
scheduling-related factors (ps < .05). Although blind and/or visually impaired individuals gave the same median
rating across the factors, they rated barriers in the pedestrian environment as significantly more important than
service hours and lack of information about potential pedestrian environment barriers (ps < .05). In addition,
these individuals rated service frequency and complex/multiple transfers significantly more important than
service hours (ps < .05). Individuals with an intellectual and/or cognitive disability rated complex/multiple
transfers as very important (median = 5). This factor was rated significantly more important than other built
environment and scheduling-related factors (ps < .05) except for distances to or from stops/stations. Individuals
with a psychiatric disability rated service frequency and service hours as very important (median = 5), but they
were rated as only significantly more important than one built environment–related factor, lack of information
about potential pedestrian environment barriers (ps < .05).

Importance Rating: 1 (not important) to 5 (very important).
MD (Mobility Disability); B/VI (Blindness or Vision Impairment); I/CD (Intellectual/Cognitive Disability); PD (Psychiatric Disability).
Thick lines indicate median value and box shows interquartile range (IQR - from the 25th to 75th percentile).
Whiskers coming out of boxes show the most extreme ratings that are within 1.5 times the IQR.

FIGURE 1.
Comparison across factors impacting fixed-route transit usage by disability type
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Table 2 summarizes the results for the significant effects (p < .05) and pairwise Tukey comparisons of interest
(p < .05). Findings are based on the nonparametric repeated measures ANOVA tests examining the factors
impacting fixed-route transit usage across the four disability types.
TABLE 2.
Summary Results for Significant Effects and Pairwise Tukey Comparisons of Interest
Disability Number of
Type
Observations

ANOVA-Type Statistic
F

df

p-value

Tukey’s Pairwise
Comparisons

MD

809

10.17

3.7, ∞

< .001***

BE-1 > BE-3**, S-1**, S-2*,
S-3***;
BE-2 > BE-3**

B/VI

505

5.96

3.5, ∞

< .001***

BE-1 > BE-3*, S-3*;
S-1*, S-2* > S-3

I/CD

377

7.66

3.2, ∞

< .001***

BE-2 > BE-3*;
S-2 > BE-1*, BE-3***, S-1*,
S-3*

PD

194

6.39

3.5, ∞

< .001***

BE-2*, S-1**, S-2*, S-3***
> BE-3

* p < .05, ** p < .01, *** p < .001
MD (Mobility Disability); B-VI (Blindness or Vision Impairment); I/CD (Intellectual/Cognitive Disability);
PD (Psychiatric Disability)

Factors Impacting Fixed-Route Transit Decision-Making
by Disability and Community Type
Kruskal-Wallis tests show significant differences in scheduling-related factors, including service frequency
[χ2(3) = 7.96, p = .047], complex/multiple transfers [χ2(3) = 7.96, p = .047], and service hours [χ2(3) = 13.91,
p = .003], across community types for individuals with a mobility disability (see Table 3). Individuals with
a mobility disability living in small towns/rural communities rated service frequency as significantly more
important than individuals with a mobility disability living in suburban communities (p < .05). Individuals
with a mobility disability living in small cities rated complex/multiple transfers as significantly more important
than this group of individuals living in small towns/rural communities (p < .05). Additionally, individuals with a
mobility disability living in small cities and small towns/rural communities rated service hours as significantly
more important than individuals living in large cities (ps < .05).
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TABLE 3.
Relationship between Community Type and Factors Influencing Fixed-Route Transit Usage
Disability Type

MD

B/VI

I/CD

PD

Influencing
Factor

Kruskal-Wallis Rank Sum
Statistic

Tukey’s Pairwise
Comparisons

χ2(3)

p-value

BE-1

1.08

.782

BE-2

3.11

.374

BE-3

0.89

.827

S-1

7.96

.047

*

d > c*

S-2

7.96

.047

*

b > d*

S-3

13.91

.003

**

b*, d** > a

BE-1

0.20

.977

BE-2

3.38

.336

BE-3

2.34

.505

S-1

17.03

< .001 ***

b > a*, c***; d > c*

S-2

8.99

.029

a*, b* > d

S-3

17.41

< .001 ***

BE-1

6.45

.092

BE-2

1.64

.650

BE-3

3.14

.371

S-1

6.36

.095

S-2

6.76

.080

S-3

6.75

.080

BE-1

3.96

.266

BE-2

0.29

.962

BE-3

1.64

.650

S-1

1.43

.699

S-2

5.04

.169

S-3

2.68

.443

*

b < a***

* p < .05, ** p < .01, *** p < .001
MD (Mobility Disability); B/VI (Blindness or Vision Impairment); I/CD (Intellectual/Cognitive Disability);
PD (Psychiatric Disability)
(a) Large City; (b) Small City; (c) Suburb; (d) Small Town/Rural

Findings also show statistically significant differences in the three scheduling-related factors, including service
frequency [χ2(3) = 17.03, p = .001], complex/multiple transfers [χ2(3) = 8.99, p = .029], and service hours
[χ2(3) = 17.41, p = .001], across community types for blind and/or visually impaired individuals. This group of
individuals living in small cities and small towns/rural communities rated service frequency as significantly more
important than individuals who were blind and/or visually impaired living in suburban communities (ps < .05).
This group of individuals living in small cities also rated service frequency as significantly more important than
individuals living in large cities (p < .05). Blind and/or visually impaired individuals living in large and small cities
rated complex/multiple transfers as significantly more important than this group of individuals living in small
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towns/rural communities (ps < .05). Blind and/or visually impaired individuals living in small cities rated
service hours as significantly more important than this group of individuals living in large cities (p < .001).
For individuals with an intellectual and/or cognitive disability and with a psychiatric disability, there were
no statistically significant differences across community type for built environment and scheduling-related
factors.

Discussion
While some research examines transit mode decision-making for the general population, fewer studies
specifically focus on individuals with disabilities. The current study addressed this knowledge gap by
using previously collected survey data to further investigate the factors and characteristics that impact
fixed-route transit decision-making for individuals with disabilities. Findings indicate that personal and
contextual characteristics are critical to transit-related decision-making and may guide transit agencies and
municipalities on how to improve the built environment and service delivery to increase fixed-route transit
for people with disabilities.
Respondents with mobility impairments consistently rated the built environment factors (i.e., path of travel
issues, including built environment barriers and distances to transit stops) as more important to their transit
mode decision-making than scheduling-related factors. In the past, transit providers often addressed built
environment barriers by making bus stop improvements. More recently, transit agencies and municipalities
have become focused on creating streetscapes that improve the first mile/last mile (i.e., the route between
an individual’s origin/destination and the nearest transit service) and that support diverse transportation
modes and users. Recent strategies employed to improve the first mile/last mile include passing Complete
Streets policies, developing design guidelines for transit agencies and public works departments, utilizing
GIS (geographic information system) data to inventory and assess environmental conditions, and funding
improvements for transit stops and adjacent sidewalks with community development grants (LaBonty and
Beveridge 2003; ESPA 2007; KFH Group 2005 and 2008; Wu et al. 2010; Smart Growth America 2018).
Findings also highlight the importance of addressing complex trips when assisting riders with intellectual
and cognitive disabilities. This suggests the need to integrate personalized information, including individual
needs and previous trip experiences, when developing travel training and trip planning programs for these
individuals. Technology enhancements could provide real-time updates about built environment conditions
and improvements. For example, a team of researchers at the University of Washington and Maryland is
seeking to transform how sidewalk accessibility data is collected and visualized using a combination of
crowdsourcing and machine learning. Project Sidewalk (http://sidewalk.umiacs.umd.edu/) is a new online
tool that enables anyone—from motivated citizens to government workers—to virtually walk through cities
to locate, label, and assess sidewalks. User-contributed labels help create new accessibility-friendly mapping
tools (e.g., route planners, map visualizations) to train machine learning algorithms to semi-automatically
assess cities in the future, and to create better transparency about city accessibility.
The current study also reveals that people with disabilities experience barriers differently based on where
they live, suggesting the need for context sensitive interventions to support fixed-route ridership. Issues
with fixed-route scheduling posed greater challenges for individuals living in small cities and small towns/
rural communities, especially for those with mobility impairments and/or visual impairment/blindness. To
support increased fixed-route transit use by people with disabilities in these regions, transit agencies may
consider implementing flexible transit delivery services. These innovative services include transportation
network companies (TNCs) such as Uber or Lyft, car share services (e.g., Zipcar), or microtransit (i.e., privately
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operated, dynamically routed or crowdsourced transit service). Increased utilization of shared modes
can grow ridership in public transit, reduce car ownership, and reduce the cost of transportation overall
(Feigon and Murphy 2016; Polzin 2018). Providing flexible transit services can increase the level of service,
reduce dependency on paratransit, and overcome first mile/last mile challenges by transporting riders with
disabilities to fixed-route stops and stations (Buehler 2018; Watkins 2018). Consumers have shown support
and even a preference for these new mobility options (Westervelt, Schank, and Huang 2017).
This study had several principal limitations. First, it was limited to results from a previously conducted
survey in which the authors had no input in the question development or sample recruitment. Thus,
the current analysis could only explore the relationship between fixed-route usage and community and
disability types. Second, the initial study only used a perceived measure for community type and did not
ask about individuals’ transit usage. Therefore, the authors were unable to explain some relationships
between variables. For example, perhaps individuals with mobility impairments living in small towns/
rural communities rated service frequency as more important than individuals living in suburbs because
individuals in suburbs use personal vehicles more frequently for transportation and therefore do not care
as much about fixed-route scheduling. Future research should examine how other variables (e.g., gender,
age, race/ethnicity, transit mode usage) affect fixed-route decision-making as it relates to individuals
with disabilities, as well as use zip codes to define community type. Third, survey respondents may have
felt reluctant to disclose attributes of their transit usage and personal transit experiences that could be
construed negatively, which is a risk with any self-reflective survey process. Future research could also
explore perspectives from riders when solutions (e.g., travel training, trip planning services, and pedestrian
infrastructure improvements) are implemented to describe and define the impact on decision-making and
ridership. For example, such research could seek to understand how integrating microtransit/TNCs in transit
service addresses user needs, particularly in rural and underserved communities.

Conclusions
This is one of only a few studies to report on the factors deterring fixed-route transit decision-making
by individuals with disabilities. Factors related to the built environment and fixed-route scheduling were
the greatest deterrents to fixed-route transit decisions by individuals with disabilities and these results
significantly differed based on disability and community type. These findings highlight the need to develop
more targeted interventions that resource-constrained transit agencies can efficiently deploy to encourage
greater fixed-route use. Emerging technological innovations might serve as useful tools to minimize some
of the reported deterrents. For example, transit agencies might integrate TNCs or microtransit to help
improve level of service, real-time information about built environment barriers might help individuals with
mobility impairments with route planning, and personalized travel training might benefit individuals with
intellectual and cognitive disabilities. These findings also highlight the need for future research to explore
additional factors that might discourage and/or facilitate fixed-route transit decision-making. The capacity
to offer detailed recommendations enables transit agencies to make evidence-based decisions to encourage
individuals with disabilities to use fixed-route, the more affordable and sustainable transportation mode.
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